Length and weight relationships and descriptive statistics are reported for six shrimp species caught off the Madeira archipelago between 1983 and 2014 using bottom and floating traps from depths ranging from 50 to 1,300 m. The parameter b ranged between 2.36 for Plesionika ensis and 2.97 for Plesionika williamsi. All species showed a pattern of negative allometric growth. To the authors' knowledge all weight-length relationships presented herein are recorded for the first time from the Madeira area, and in the cases of Ligur ensiferus and Plesionika ensis are the first references worldwide.
Introduction
In fisheries research, weight-length relationships (WLRs) allow the estimation of the average weight at a given length in a specific geographic area (Ferreira et al., 2008) . The WLRs are widely presented as a useful tool with wide application in several domains of the fishery science. WLR's are used in the comparison of life history between-regions, population dynamics, ecology, stock assessment, management and to estimate the production and biomass of a given population (Anderson and Gutreuter, 1983; Erzini, 1994; King, 1995; Santos et al., 2002) . Also, the condition factor is often used to quantify an animal's physical wellbeing and thought to be a useful complement to growth estimates of crustaceans (Bagenal and Tesch, 1978; Rochet, 2000) .
Decapod crustaceans have been studied during several scientific surveys carried out in the Madeira archipelago since the early eighties. Those prospective surveys were aimed at determining the fisheries' potential of non-exploited resources and diversifying the commercial fisheries, thus reducing the fishing pressure on the heavily fished coastal areas (Biscoito, 1993; Biscoito et al., 1992) .
Several species of shrimps are known to occur along the insular shelves and slopes off Madeira archipelago (Biscoito, 1993) . Regardless of its economic and ecological importance and fishery potential, very few documented studies are available on WLRs, biology, population dynamics and condition factor of the shrimp species in this area. The few studies have focused on the biology of Heterocarpus ensifer Spence Bate, 1888 (Pérez-Peñalvo et al., 2009) , Plesionika narval (Fabricius, 1787) (Sousa et al., 2014) and Plesionika edwardsii (Brandt, 1851) (González et al., 2016) in this region.
The aim of this work is to study the weight-length relationship and condition factor of six species of shrimps caught in Northeastern Atlantic, archipelago of Madeira, with the goal to provide guidelines for current fisheries workers dealing with length-weight data of these species. It is the first approach to WLRs of these species in this area of the Atlantic, and the WLRs for Ligur ensiferus (Risso, 1816) and Plesionika ensis (A. Milne-Edwards, 1881) are provided for the first time.
Material and Methods
The specimens examined in this study were obtained from a series of research surveys of the epi and benthic fauna carried out on the insular shelves and slopes off the Madeira archipelago, Northeastern Atlantic (Figure 1 ), between 1983 and 2014. The depth of the surveys ranged from 50 to 1.300 m, using bottom and floating traps as fishing gear. All individual shrimps were sampled. The carapace length (CL) was measured to the nearest 0.01 mm from the posterior margin of the orbit to the posterior dorsal margin of the carapace using electronic digital calipers. The individual weight (W) was recorded using an electronic digital scale, with an accuracy of 0.01 g. Sex was determined by the presence or absence of masculine appendages in the second pair of pleopods, through observation under a stereoscopic microscope (Zariquiey-Alvarez, 1968) .
A more detailed description of the survey's design, fishing and sampling methodologies is available in Biscoito et al. (1992) and Sousa et al. (2016) .
The weight length relationship was estimated for combined sexes, females and males, using the equation W = aL b (Bagenal and Tesch, 1978) , where W is the total weight in grams, L the carapace length in milimetres, a is the intercept (condition factor) and b is the slope (relative growth rate). The parameters a and b were calculated by linear regression analysis fitted by the least-squares method over log-transformed data (log W = log a + b log L) afterward the use of log-log plots to detect and exclude outliers (Froese, 2006) .
The coefficient of determination r 2 was used as an indicator of the quality of the linear regression (King, 1995) and the nature of growth was tested using Student's t-test in order to determine if the b coefficient was different from 3 with a significance level of 0.05 (Zar, 1996) . The occurrence of significant differences in the relative growth rate between sexes was tested using Student's t-test.
Results
A total of 1,557 shrimps of 6 species belonging to the families Acanthephyridae: Acanthephyra eximia Smith, 1884; Hippolytidae: L. ensiferus and Pandalidae: Heterocarpus laevigatus Spence Bate, 1888; P. ensis; Plesionika martia (A. Milne-Edwards, 1883) and Plesionika williamsi Forest, 1964, were sampled from depths ranging from 50 to 1,300 m.
The species with the smallest mean carapace length was P. ensis (19.24±3.36 mm) and the largest H. laevigatus with a mean carapace length of 44.30±6.16 mm (Table 1) . In terms of body weight, the lightest species was P. ensis with a mean weight of 5.23±2.49 g and the heaviest H. laevigatus (35.30±13.34 g).
The WLRs, related statistics and nature of growth for six shrimp species are presented in Table 2 . The estimated relative growth rate ranged between 2.36 for P. ensis (males) and 2.97 for P. williamsi (combined sexes).
The relative growth pattern was similar between females and males for all six species revealing negative allometric growth in both sexes. The slopes of the regression were tested between sexes and showed that for A. eximia, L. ensiferus, P. martia and P. williamsi there were no statistically significant differences. However, for P. ensis the results of the Student's t-test showed that b was significantly different between sexes (T=3.40, p<0.05). The parameter b was also significantly different for H. laevigatus (T=4.00, p<0.05). Nonetheless the pattern of relative growth for both sexes in P. ensis and H. laevigatus was negative allometric with b varying between 2.36 for males and 2.72 for females of P. ensis and between 2.61 for females and 2.88 for males of H. laevigatus.
Discussion
The size ranges presented herein are in accordance to those studied so far in other areas. For all species, females achieved larger sizes than males. This may result of differential morphological development, reproductive investment and distinct habitat preference (King, 1995) .
The estimated parameter b showed negative allometric growth for all species and are supported by high values of correlation indicating an elevated predictability between carapace length and weight of the studied shrimps. These results fall within the expected range of values for this parameter for most aquatic organisms, which lies between 2.5 and 3.5 (Carlander, 1969; Froese, 2006) , values of b < 2.5 or >3.5 are mostly caused by samples with narrow size ranges as demonstrated by Carlander (1977) .
The WLR is a practical condition index and may vary temporally according to factors such as food availability, feeding rate and reproductive activity, however the b parameter usually does not vary significantly throughout the year (Bagenal and Tesch, 1978) , and together with a (condition factor) can be considered mean annual values, as suggested by several authors (Santos et al., 2002; Andreu-Soler et al., 2006 Aristeus antennatus (Risso, 1816) (Carbonell et al., 1999) and Heterocarpus laevigatus (Dailey and Ralston, 1986 ). This pattern results in higher mobility thus providing an advantage in predation in highly specialized active predators of macroplanktonic species as stated by Cartes (1993) . The negative allometric nature of growth in the studied species might also be related to the low availability of preys in oligotrophic waters as previously reported for P. martia by Thessalou- Legaki et al. (2005) in the Eastern Ionian Sea.
In crustaceans, food availability and water temperature play an important role in growth dynamics. In habitats with more available food and higher temperatures, crustaceans tend to have higher growth rates (Hartnoll, 1983) . The differences in the values of the b parameter between the study species probably results of differences in feeding and breeding behavior and greater capacity of obtaining, converting and storing energy according to depth.
When considering differences according to sex, in the parameter b for A. eximia, L. ensiferus, P. martia and P. williamsi no statistically significant differences were found, which is in accordance with previous results obtained by Thessalou-Legaki et al. (2005) , even tough for P. ensis and H. laevigatus there were statistically significant differences in the relative growth coefficient, these did not alter the negative allometric nature of growth for these species, such fluctuations in relative growth might be related to differences in reproductive activity and habitat preference between sexes in P. ensis and H. laevigatus.
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